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PURPOSE ;  There  is  a  need  to  investigate  and  develop  production 
manufacturing  methods  for  aspheric  lens  surfaces.  In 
order  to  achieve  the  ever-rising  quality  requirements  for 
photographic  objectives,  it  has  become  necessary  to  use 
aspheric  surfaces  in  the  design  of  lens  systems.  It  has 
been  established  that  such  surfaces  will  allow  for  greatly 
Increased  quality  and  at  the  same  time  for  a  reduction  in 
size  and  weight  of  the  optical  syston. 

The  purpose  of  this  contract  is  to  develop  equipment  and 
methods  for  large  quantity  production  of  precise  aspheric 
optical  elements.  Evaluation  of  the  repeated  accuracy  of 
manufacturing  methods  will  be  accomplished  by  subjecting 
the  lenses  made  to  careful  inspection  and  by  employing 
them  in  photographic  objectives. 


WGRK  COMPLETED  82^  of  ENTIRE  CONTRACT 
100^  of  PHASE  I 
1005J  of  PHASE  II 
7056  of  PHASE  III 


(BASED  ON  CONTRACT  SPECIFICATIONS) 
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ABSTRACT: 


Major  progress,  as  scheduled,  has  been  made  In  the  finaliza¬ 
tion  of  the  overall  control  system.  However,  progress  in 
the  parallel  program  of  lens  design  and  the  resulting  com¬ 
puter  programming  reveal  that  certain  changes  in  the  design 
concept  of  the  translator  &re  required.  Also,  minor  changes 
in  the  processing  of  the  A  and  C  pulses  are  necessary. 

Briefly  stated,  the  changes  are  as  follows: 

1)  Actual  design  of  the  lenses  required  by  this  contract 
sho%rs  that  the  limit  set  for  the  mAy<iiwnn  surface  slope  of 
one  in  four  is  exceeded.  Provision  will  now  be  made  for 
a  maximum  surface  slope  of  one  in  two. 

2)  It  was  learned  that  when  the  maximum  slope  capability 
of  the  aspheric  machine  is  reached,  the  next  lower  slope 
capability  is  one-half  that  of  the  maximum  slope.  This  is 
due  to  the  value  of  the  X  axis  increment,  which  is  detemlned 
by  the  packing  density  of  the  A  pulses,  idiich  in  turn  control 
the  placement  of  the  coonand  pulses  on  the  B  drum.  Therefore, 
it  has  been  decided  to  increase  the  number  of  A  pulses  by  a 
factor  of  four. 

3)  A  revision  of  the  concept  of  the  use  of  the  tape  control 
input  has  been  necessitated  because  of  the  possibility  of 
accumulating  an  error  in  counting  down  from  an  integral 
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ninnber.  Decimal  overflows  would  be  lost  and  this  error 
would  accumulate  at  the  output  of  each  "B"  pulse. 

According  to  the  present  concept  the  slope  is  taken 
directly  from  the  "word”  on  the  ■computer  tape  and  suc¬ 
cessively  added  to  Itself.  Upon  the  overflow  of  a  barrier, 
number  one,  the  decimal  remainder  is  retained  in  a  parallel 
adding  register  to  become  part  of  the  next  sum.  The  slope 
will  be  added  to  Itself  the  number  of  times  indicated  by 
the  slope  multiplier  portion  of  the  "word"  and  then  proceed 
to  the  next  data  "word." 

This  requires  changes  in  translator  logic  as  well  as  the 
addition  of  an  electronic  decimal  adder* 

The  three  changes  herein  listed  will  be  explained  in  detail 
under  their  relevant  headings.  Also,  Bell  and  Howell  has 
developed  an  automatic  aspheric  design  program  which  will 
be  e3q)lalned  under  the  section  on  "LENS  DESIG91." 
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REVISIONS  IN  TRANSLATOR  AND  HACHDIE  CONTROL  LOGIC 

The  three  changes,  provision  of  a  maximiun  slope  of  one  in  two,  contin¬ 
uity  of  slope  capability,  and  the  elimination  of  accumulated  error  in 
the  translator  logic  are  mutually  dependent  and  an  overall  technical 
explanation  of  these  items  will  be  given  in  this  section. 

Recent  experience  in  lens  design  has  indicated  that  aspheric  elements 
restricted  to  a  slope  of  1/4  or  less  would  be  a  limitation  upon  the 
ability  to  Integrate  such  aspheric  lenses  into  a  spherical  system. 
Thus,  in  order  to  provide  the  maximum  advantages  of  aspheric 
correction,  the  slope  capability  of  the  aspheric  generating  machine 
has  been  eiqmnded  to  1/2. 

A  siji^le  method  has  been  found  for  doubling  the  slope  capability  for 
those  lenses  which  require  a  steeper  slope.  A  two  to  one  (double 
that  of  the  present  l/l  equals  four)  slope  capability  can  be  realized 
by  switching  off  one  of  the  two  heads  at  the  C  drum  at  the  proper 
place  in  its  circuit.  Squelching  the  pulses  of  one  of  the  two  heads 
at  C  before  it  reaches  the  bidirectional  coxmter  has  the  effect  of 
requiring  the  I  cud-s  to  move  twice  as  far  for  each  B  or  command  pulse 
and  in  this  manner  the  slope  capability  will  be  doubled. 

Since  two  heads  must  be  used  at  "C"  to  distinguish  between  forward 
and  reverse  pulses  (Interim  Report  No.  6,  page  24),  the  squelched 
pulse  circuit  will  retain  that  portion  of  the  circuit  idiich  feeds 
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the  bidirectional  counter. 

The  problem  of  continuity  is  solved  by  the  use  of  an  Independent 
4-times  multiplier  on  the  "A"  drum. 

Consider  the  fact  that  the  oalssion  of  a  "B"  pulse  is  triggered  on  a 
count  of  the  '’A"  pulse.  This  means  that  if  we  started  with  a  slope 
of  1/4,  (y"2.5  ®  10~^/x^l0  X  10“^),  the  next  lower  slope  acceptable 
to  the  translator  would  be  I/8,  (y“2.5  x  10“^/^20  x  10“^).  With 
the  use  of  an  Independent  4-times  multiplier  on  the  A  drum  our  X 
incroaent  becomes  2*5  x  10~^  and  we  can  thus  add  slopes  of  l/n, 
idiere  n  can  be  any  integer* 

The  multlply-by-four  of  the  "A"  pulses  does  not  change  the  maximum 
slope  capability  of  the  aspheric  machine  since  the  packing  density  of 
the  B  pulses  cannot  exceed  those  of  the  original  "A"  pulses*  The 
maximum  slope  is  still  l/Ut  or  1/2  if  the  head  on  the  C  drum  is 
switched  off* 

The  placement  of  foiu*  times  as  many  pulses  on  the  A  disc  would  provide 
continuity,  but  the  packing  density  would  be  Intolerably  increased* 

The  independent  "A"  pulse  multiplier  can  be  provided  on  a  time  basis 
by  driving  the  Z  axis  at  a  constant  speed  during  the  prograonlng  of 
the  B  pulses*  This  is  accoiq>llshed  by  coupling  the  shaft  of  a 
synchronous  motor  directly  to  the  shaft  of  the  variable  speed  motor 
during  the  progranmdng  cycle*  Then  for  the  actual  machining  of  glass. 
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the  synchronous  motor  is  disconnected  and  the  variable  speed  motor 
takes  over. 

In  order  to  avoid  errors  of  accumulation,  the  "B"  pulses  are  now 
generated  by  the  following  method: 

The  two  pieces  of  Information,  the  slope  and  the  times  the  slope 
to  be  repeated,  are  transferred  to  their  respective  registers  vrtiere 
they  are  stored  until  the  proper  number  of  "A”  pulses  have  satisfied 
the  previously  read  block  of  Information  from  the  computer  tape. 
Beyond  this  point  the  Information  Is  processed  quite  differently. 

The  previous  method  of  providing  "B"  pulses  was  to  take  the  slope 
and  convert  It  Internally  Into  the  reciprocal  slope  and  add  It  to 
Itself  vintll  the  sum  would  overflow  1.  At  the  time  of  overflow,  the 
counter  register  would  clear  and  a  new  sum  would  start  forming  on  the 
next  "A"  pulse.  The  overflow,  that  Is  the  amount  by  which  the  sum 
exceeded  one,  would  be  lost  and  an  error  would  accumulate  at  each 
overflow.  Now  a  binary  adding  register  Is  provided  which  will 
retain  the  remainder  and  make  It  part  of  the  sum  that  follows. 

The  data  ^Ich  Is  to  be  processed  Is  now  read  In  as  a  "word”  composed 
of  the  slope  and  a  slope  multiplier  (not  to  be  confused  with  the 
"multiply-by-four"  for  the  "A"  pulses)  >rtilch  states  the  nxmiber  of 
times  that  the  slope  Is  to  be  added  In  the  adder.  This  Input  In¬ 
formation  remains  the  same  as  before}  however,  with  the  inclusion  of 
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a  parallel  adding  register  the  slope  can  be  added  directly  to  Itself 
and  there  Is  no  need  to  retain  the  original  binary  counting  circuitry 
which  converted  the  slope  to  Its  complement. 


Complete  details  of  the  new  translator  logic  follow. 
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TraasMoy 

The  lens  design  data  punched  on  the  paper  tape  by  the  computer 
printout  contains  the  follovdng  Information: 

1.  Slope 

2.  Multiplier 

3.  Sign 

4*  End  of  word 

This  fomat  of  the  revised  system  is  shown  in  Figure  1*  The  slope, 
which  is  the  ratio  of  Y  or  depth  of  cut  to  X  or  radius  vector  of  cut, 
is  e3q)ressed  in  negative  binaiy  fom*  The  tape  has  provisions  for 
handling  numbers  from  2“^  down  to  2"20.  This  data  is  punched  in  rows 
3$  U$  5  and  6  of  channels  2,  3»  4  and  5* 

The  multiplier  is  the  number  of  times  that  a  particular  slope  will  be 
used  before  a  change  in  slope  is  required.  The  system  has  provisions 
for  handling  a  multiplication  factor  of  up  to  2^^  times.  This  data 
is  punched  in  rows  7,  8,  and  9  of  channels  2,  3»  4  and  5* 

The  sign  of  the  slope  is  stored  in  row  2  of  channel  2.  A  negative 
slope  is  indicated  by  a  "one”  or  a  hole  >dille  a  positive  slope  is 
indicated  by  a  "zero”  or  a  no-hole  condition.  There  will  be  only 
one  reversal  of  this  slope  in  any  given  lens  design. 

The  end  of  word  is  indicated  by  a  stop  hole  punched  in  row  10  of 
channel  1.  Once  started,  the  tape  proceeds  past  the  read  heads  at 
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a  rate  of  2?  Inches  per  second  until  it  sees  a  stop  code.  This  signal 
sets  a  stop-start  binary  which,  in  turn,  releases  the  clutch  and  sets 
the  brake  of  the  tape  reader.  This  is  accomplished  with  row  10  still 
in  reading  position.  The  end  of  the  pirogram  is  indicated  by  two 
consecutive  stop  pulses.  This  causes  the  reader  to  shut  down  and  turn 
on  a  light  indicating  ’’end  of  program.** 

The  data  in  row  1  of  channel  2  is  the  signal  to  initiate  carriage 
return  of  the  printer  at  the  computer  on  which  the  lens  is  designed. 
Row  1  will  then  be  present  only  when  a  carriage  return  signal  is 
needed.  This  data  is  not  needed  in  translation  and  is  shifted  out 
the  end  of  the  shift  register  if  it  is  present  and  thus  ignored. 

The  complication  of  reserving  an  extra  code  for  a  carzdage  return  is 
not  inherent  to  the  design  of  the  aspheric  generating  machine  but  is 
the  result  of  the  data  output  of  the  LGP-30  conqputors.  It  will  not 
be  necessary  to  retain  this  code  vdien  the  computor  programming  is 
done  on  the  IBM  machine. 

Since  the  printer  cannot  print  out  all  **zeros'*  in  a  particular  row, 
it  becomes  necessary  to  supply  an  extra  channel  in  which  to  punch  a 
hole  in  the  event  that  the  data  is  necessarily  all  '*zeros.'*  Channel  6 
is  reserved  for  this  purpose. 

The  logic  Involved  in  translation  is  shown  in  the  block  diagram  of 
Figure  2.  The  object  of  the  translator  is  to  record  conmand  pulses 
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for  the  Y  axis  on  the  B  drum  driven  by  the  X  axis  as  has  been 
ejqplalned  in  Interim  Technical  Report  No.  8  and  13*  The  glass 
machining  can  also  be  controlled  directly  from  the  translator  if 
desired  by  feeding  the  B  signal  output  into  the  command  input  of  the 
machine.  However,  this  mode  of  operation  would  limit  the  cutting  of 
glass  to  a  single  speed,  since  a  synchronous  motor  is  used  for  driving 
the  X  axis  during  translation. 

The  punched  tape  program  is  loaded  into  the  reader,  idilch  is  then 
manually  started.  The  manual  start-read  button  first  resets  the  sign, 
slope,  and  reset  shift  registers  and  then  starts  the  reader  into 
operation.  The  data  on  each  channel  is  read  successively  by  two 
reading  heads  spaced  one  character  apart.  The  signals  from  the  first 
head  are  shifted  into  a  comparator  and  stored.  If  the  readings  from 
the  second  head  compare  with  that  of  the  first  head,  they  are  then 
shifted  into  the  shift  registers  by  a  shift  pulse  generated  from  the 
sprocket  holes.  The  reader  then  proceeds  to  the  first  stop  pulse 
and  remains  there,  awaiting  further  command. 

If  the  comparator  shows  a  discrepancy  between  the  readings  of  the  two 
heads,  an  error  signal  is  generated  which  is  fed  back  to  the  automatic 
stop- read  circuit.  The  reader  stops  and  an  error  light  indicator 
flashes  on,  warning  the  operator  of  a  reading  error. 


The  machine  operator  now  must  press  the  start  translate  button.  In 


Page  11 


addition  to  starting  the  X  axis  motor  control,  It  also  sends  a  pulse 
via  the  "or"  gate  G1  to  reset  the  sign  storage  and  the  slope  storage 
areas.  After  generating  an  appropriate  time  delay  through  delay  1, 
this  signal  becomes  a  transfer  pulse  and  transfers  the  sign  via  "and" 
gate  G5  Into  the  sign  storage  binary.  Simultaneously,  It  transfers 
the  slope  data  from  the  slope  shift  register  Into  the  slope  buffer 
storage  area  via  gate  G4  as  well  as  the  multiplier  data  from  Its 
shift  register  Into  the  multiplier  counter  via  gate  G3.  These 
transfers  take  place  In  the  parallel  mode. 

The  complement  of  the  desired  data  Is  transferred  Into  the  multiplier 
counter  rather  than  the  actual  number.  By  using  this  technique,  (rtbe* 
count  can  serially  add  to  this  coaqalement  to  fill  up  the  counter. 

By  adding  one  additional  pulse  artificially  generated,  the  counter 
will  overflow  and  zero  Itself,  causing  a  single  spillover  pulse  at  the 
output.  This  extra  one  count  Is  obtained  by  feeding  the  transfer 
pulse  through  delay  2,  tdilch  allows  time  for  transfer  to  take  place, 
and  then  to  the  +1  Input  of  the  counter  via  "or"  gate  G2.  This  same 
pulse  also  becomes  the  reset  signal  to  clear  the  multiplier,  slope, 
and  sign  shift  registers  of  their  previous  data  and  make  than  ready 
to  accept  the  next  word. 

The  reset  pulse  Is  then  fed  into  the  start  Input  of  the  automatic 
stop-start  circuit.  This  starts  the  reader,  idilch  then  shifts  In 
the  next  slope  and  multiplier  with  its  sign.  This  start  is  delayed 
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in  time  via  delay  3  ^ich  is  the  actual  mechanical  delay  of  the  reader 
mechanism. 

Mean%Aiile,  the  I  axis  drive  motor  has  obtained  proper  reading  speed 
and  turned  the  A  and  B2  quantizers  until  the  start  pulse  from  the  62 
head  opens  the  "and"  gate  G6.  This  start  position  indicates  true 
center  of  the  cutting  tool  on  the  glass  and  iiill  be  the  zero  reference 
point.  The  quantizer  pulses  from  the  A  disc  are  triggering  pulses  to 
synchronize  a  multivibrator  pulse  generator  running  at  four  times 
their  rate.  This  is  done  for  resolution  reasons  explained  earlier  in 
this  report.  A  synchronous  motor  is  used  during  translation  to  main¬ 
tain  a  more  constant  output  rate  of  the  quantizer  pulses. 

Upon  the  opening  of  gate  G6,  the  first  A  pulse  is  applied  to  gate  G7 
to  become  a  transfer  pulse  to  enter  the  slope  data  from  slope  storage 
into  the  adder.  This  pulse  is  also  fed  into  the  A  input  of  the 
multiplier  counter  via  "or"  gate  G2  to  effectively  "count  down"  this 
multiplier  by  one  digit. 

The  second  A  pulse  from  G6  again  transfers  the  slope  data  into  the 
adder.  It  adds  this  data,  by  parallel  means,  to  what  is  already  in 
the  adder.  It  also  co\mts  down  the  multiplier  by  a  second  digit. 

The  succeeding  A  pulses  continue  to  repeat  this  same  operation. 

The  addition  of  the  slope  data,  a  number  never  to  exceed  0.25,  will 
cause  the  adder  to  overflow  at  the  count  of  1.0.  This  spillover  or 
B  pulse  then  goes  to  the  B1  head  via  the  write  aoqplifler  and  is 


13 


recorded  on  the  B  dram  In  lie  proper  location  i«ith  respect  to  the  X 
axis  travel  of  the  carriage.  Any  remainder  which  may  be  generated 
at  the  time  of  overflow  is  retained  in  the  adder  to  be  carried  to 
the  next  addition.  In  the  case  of  controlling  the  machining  of  glass 
directly  from  the  translator,  this  B  pulse  will  be  fed  directly  into 
the  command  input  of  the  machine. 

When  the  multiplier  counter  spills  over,  a  p\ilse  is  fed  through 
gate  G1  to  recycle  the  complete  operation  automatically.  When  the 
end  of  the  program  is  reached,  two  consecutive  stop  pxilses  will 
indicate  end  of  translation. 

The  B  pulse  is  also  fed  into  the  pre-set  counter  via  gate  G8.  This 
gate  is  controlled  through  switch  SI  by  the  sign  of  the  slope  and 
must,  therefore,  be  pre-set  by  the  operator  before  translation 
begins.  The  switch  SI  connects  the  circuitry  in  such  a  manner  as 
to  hold  the  gate  G8  open  \intil  there  is  a  change  in  the  sign,  then 
the  gate  closes  to  stop  the  B  pulses  from  entering  into  the  pre-set 
counter. 

Manual  pre-set  switches  in  the  counter  are  then  selected  by  the  operator 
to  match  this  count.  During  the  machining  of  glass,  the  B  pulses  will 
be  counted  serially  and  an  output  signal  will  be  emitted  when  this  pre¬ 
set  nuBdoer  is  reached.  The  output  signal  will  reverse  the  direction 
of  the  stepping  motor  controlling  the  Y  axis. 
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FINAL  I  AND  Y  AYES  MECHANICAL  DRIVE  DATA 

Table  I  in  this  report  has  been  compiled  to  bring  together  all  the 
machine  control  parameters  and  to  bring  them  up-to-date*  Notice  that 
there  are  revisions  In  those  figures  relating  to  the  Z  axis  motor  rpm 
as  conqpared  to  those  given  in  Interim  Technical  Report  No*  9*  This 
had  been  brought  about  by  a  change  in  the  overall  x-axie  gear 
reduction  from  3584$!  to  1792:1*  The  y-axLs  gear  reduction  ronalns 
at  4032:1. 

The  A  pulses/sec.  column  also  reflects  a  change  In  that  the  figures 
shorn  are  "translator  pulses",  l*e*,  recorded  pulses  multiplied  by 
four  as  they  are  used  In  translation  and  as  described  earlier  in 
this  report.  Additional  Infoznatlon  Is  also  given  in  the  table 
indicating  the  changes  brought  about  by  a  desired  slope  of  2:1 
instead  of  4:1*  Observe  that  the  only  parameters  affected  are  those 
of  the  I-axls* 

Earlier  in  this  report,  mention  was  made  that  during  translation  the 
Z-axLs  will  be  driven  by  an  1800  rpm  synchronous  motor*  The  figures 
shown  under  the  Z-axis-linear  speed  of  10  mln/ln*  most  nearly 
approximate  those  of  translation,  since  at  this  linear  speed  the 
Z-axis  motor  runs  at  1792  rpm* 


Linear  Speed  -  Min. /in 
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T.EMR  nRSIQM 

The  design  of  the  48"  f/4*0  triplet  vdth  two  or  more  aspheric  surfaces 
Is  continuing.  In  addition  to  the  LGP-30,  the  IBM-7070  has  also  been 
programmed  to  ray  trace  through  aspheric  surfaces  and  has  been  made 
available  to  further  the  design  woric. 

A  design  of  high  quality  has  been  achieved  for  monochromatic  light. 

The  problems  of  sphero-chrcmiatlsm  and  secondary  spectrum  are  to  be 
solved  In  the  next  steps  of  designing.  The  present  work  Is  concen¬ 
trated  on  first  achieving  control  of  the  sphero-chromatlsm  because 
Its  aberrational  contributions  are  greater  than  those  of  the  secondary 
spectrum.  Once  control  of  the  sphero-chromatlsm  Is  attained  the  design 
effort  will  be  directed  towards  ijiqprovlng  the  secondary  spectrum. 

The  use  of  the  Bell  and  Howell  aspheric  ray  trace  automatic  design 
program  Is  enabling  the  study  of  various  glass  combinations  as  well 
as  different  power  distributions  and  3rd  order  solutions  for  a 
specific  glass  cooiblnation. 

As  Indicated  in  a  previous  report  (#11,  1  April  1961  to  31  March  1962) 
the  design  is  being  treated  in  two  phases,  of  which  the  first  phase  Is 
the  design  of  a  lens  with  low  Petzval  sums  and  with  control  of  sphero- 
chromatlsm,  while  the  second  phase  will  Involve  the  inqprovement  of  the 
secondary  spectrum  characteristic  with  the  maintenance  of  other 
aberrational  corrections.  It  was  estimated  that  30  per  cent  of  the 
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total  design  time  will  be  spent  on  phase  I.  Phase  I  is  40  per  cent 
completed  at  this  time* 
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RECOMMENDATIONS 


The  newly  developed  automatic  aspheric  design  program  will  be 
applied  to  the  development  of  the  48”  f/4  optical  lens  called  for 
in  this  contract. 

The  computer  results  of  the  48”  f/4  optical  design  will  be  com- 
paredf  through  the  use  of  the  Bell  and  Howell  design  programi 
with  data  of  existing  designs  available  from  Wright  Field.  This 
comparison  can  be  made  by  employing  either  the  LGP-30  or  the 
IBM-7070  computer. 

As  a  result  of  this  program  we  will  be  able  to  explore  more 
thoroughly  the  systems  lending  themselves  to  the  correction  of 
secondary  spectrum  auid  sphero-chromatism.  It  is  e3q)ected  that 
this  program  will  be  carried  out  in  part  on  a  7090  computor. 

The  contract  requires  that  we  prepare  blanks  which  have  been 
processed  on  the  machine  and  subsequently  polished  in  order  to 
demonstrate  the  machine  capability.  The  blanks  are  in  rough 
form  in  the  possession  of  Bell  and  Howell.  They  will  be  machined 
to  a  rough  finished  form  so  that  they  may  be  mounted  on  the 
machine  for  subsequent  processing. 

Final  design  of  the  translator  incorporating  the  changes  required 
by  the  new  tape  input  concept  will  now  be  cca^leted.  Upon 
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completion  of  the  construction  of  the  translator,  the  syston  vrLll  be 
tested  by  the  use  of  synthetic  "A"  pulses  from  an  audio  oscillator. 
The  output  pulses  from  the  translator,  which  represent  the  "B” 
pulses  on  the  command  drum  of  the  aspheric  machine,  will  be  recorded 
on  a  magnetic  tape  recorder.  Verification  of  reliable  fimctlon  of 
the  translator  can  then  be  obtained  by  observing  the  coimt  of  ”A" 
and  "B**  pulses  by  the  use  of  an  electronic  counter. 

Packaging  of  the  electronic  controls  for  the  aspheric  machine  will 
continue  simultaneously  with  the  work  on  the  translator.  Each  area 
of  the  control  system  will  be  thoroughly  tested  by  attaching  It  to 
the  aspheric  machine  Itself  and  will  be  evaluated  under  conditions 
of  Its  final  environment. 

Safety  stops,  both  electrical  and  mechanical,  have  been  designed 
for  limits  of  travel  for  the  X  and  Y  carriages  and  will  be  Installed 
before  either  carriage  is  put  Into  motion  by  the  various  areas  of 
electronic  control. 

A  list  of  possible  errors  In  the  generation  of  aspheric  surfaces 
due  to  variations  in  temperature,  whether  due  to  the  overall  room 
ambient  or  due  to  various  local  heat  generators,  has  been  compiled. 
Whereas  no  serious  cooqpllcatlons  are  e3q)ected  from  ambient  temper¬ 
ature  variations,  the  possible  trouble  areas  will  be  studied  Just 
as  soon  as  each  area  of  the  machine  is  operable. 
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FIGURE  2  -  TRAHSLATOR  BLOCK  DIAGRAM 


DISTRIBUTION  LIST 


No.  of  Copies 


Armed  Services  Technical  Information  Agency  8 

Attn:  Document  Service  Center  (TIPSCP) 

Arlington  Hall  Station 
Arlington  12,  Virginia 


Nortronlcs  1 

Attn:  Mr.  P.  H.  Halderman,  Gen.  Supv. 

Dept .  2883 
222  No.  Prairie  Ave. 

Hawthorne,  Calif. 


American  Machine  &  Foundry  Co.  1 

Central  Regional  Office 
333  W.  First  St. 

Dayton  2,  Ohio 


AMC  Aeronautical  Systems  Center  1 

Attn:  IMBMF 

Wright  Patterson  Air  Force  Base,  Ohio 


Commanding  General  2 

Air  Mat*»ri,a1  Command 

Attn:  ASRCTFA.  Webster 

Wright  Patterson  Air  Force  Base,  Ohio 


Commander  5  and  Repro. 

Wright  Air  Development  Division 
Attn:  WWRNRD-1 

Wright  Patterson  Air  Force  Base,  Ohio 


Comnander  1 

Air  Research  &  Development  Center 
Attn:  RDTDEG,  Mr.  C.  W.  Knlffin 
Baltimore,  Maryland 


Perkin-Elmer  Corp.  1 

Danbury  Road 
Norwalk,  Conn. 


Conmandlng  General  1 

Frankford  Arsenal 
Attn:  ORDBA,  5500 
Philadelphia  37*  Penna. 


DISTRIBUTION  LIST 


No,  of  Copies 


Shoron  Optical  Company,  Inc.  1 

Division  of  Textron,  Inc. 

Attn:  Mr.  Paul  £.  Dittman 
Rochester  1,  New  York 


Revere  Camera  Company  1 

Attn:  Mr,  Fred  Peller 
320  East  21st  Street 
Chicago,  Illinois 


Farrand  Optical  Company,  Inc.  1 

Attn:  Mr.  Earle  B.  Brown 
Bronx  Blvd.  and  E.  23dth  St. 

New  York  70,  New  York 


WoUensak  Optical  Co.  1 

Avenue  D  and  Hudson  Ave. 

Rochester  21,  New  Yox4c 


University  of  Rochester  1 

Institute  of  Optics 

Attn:  Dr,  Robert  E.  Hopkins 

Rochester,  New  York 


General  Scientific  Corp,  1 

Attn:  Mr.  A,  A.  Strelsin 
5153  W.  64th  St. 

Chicago  38»  Illinois 


Bausch  &  Loob  Optical  Co.  1 

Attn:  Joseph  W,  Taylor 
626  St.  Paul  St. 

Rochester  2,  New  York 


American  Optical  Co.  1 

2  Mechanic  St. 

Southbridge,  Mass. 


Eastman  Kodak 
343  State  St. 
Rochester  4>  New  York 


DI3TRI3UTI0I:  I.I3T 


Polan  Industries 
222  -  8th  St. 

Huntington,  West  Virginia 


Elgeet  Optical  Go.,  Inc. 
838  Smith 

Rochester,  New  York 


Pacific  Optical  Gorp. 
120  S.  Glasgow 
Inglewood,  Calif. 


G.  P.  Goerz  American  Optical  Co. 
461  Doughty  Blvd. 

Inwood  96 

Long  Island,  New  York 


Curtis  Laboratories,  Inc. 
2718  Griffith  Park  Blvd. 
Los  Angeles  27,  Galif. 


Commander 

AI-IC  Ballistic  Missiles  Center 
Attn:  Industrial  Resources  Oiv. 
P.  0.  Box  262 
Inglewood,  Calif. 


Dr.  George  R.  Harrison 
Massachusetts  Institute  of  Technology 
Cambridge,  Mass. 


Commander  R.  A.  Holmes,  III 
PH-42 

Department  of  the  Navy 
Bureau  of  Weapons 
Washington  25,  D.  C. 


Hr.  Fred  G.  Longwell 
International  Business  Machines  Corp. 
Military  Products  Division 
Oswego,  New  York 


DISTRIBUTION  LIST 


No.  of  Copie 


The  Heald  Machine  Co.  1 

Attn:  Mr.  C.  G.  Menard 
10  New  Bond  St. 

Worcester  6,  Maes. 


DISTRIBUTION  LIST 


No.  of  Copies 


The  Fosdlck  Machine  Tool  Co.  1 

Attn:  Mr.  C.  E.  Linden 
Cincinnati  23,  Ohio 


Jones  &  Lamson  Machine  Co.  1 

Attn:  Mr.  H.  H.  Whitmore 
160  Clinton  St. 

Springfield,  Vermont 


Pratt  &  Whitney  Co.  1 

Attn:  Mr.  E.  S.  Belden 
1100  Oakwood  Ave. 

Dayton  19,  Ohio 


Glddlnge  &  Lewis  Machine  Tool  Co.  1 

Attn:  Mr.  E.  L.  McFerren 
142  Doty  St. 

Fond  du  Lac,  Wise. 


Van  Norman  Machine  Co.  1 

Attn:  Mr.  J.  E.  Storm 
Springfield  7,  Mass. 


dannlnl  Controls  Corporation  1 

Attn:  Mr.  A.  C.  Hunmel 
2600  Far  Hills  Ave. 

Dayton  19,  Ohio 


Norden 

11  W.  Monument  Ave. 
Dayton  2,  Ohio 


1 


The  Austin  Co. 

Attn:  Mr.  C.  L.  Foster 
19  Rector  St. 

New  York  6,  New  York 


1 


DISTRIBUTION  LIST 


Keamey  &  Tracker  Corporation 
Attn:  Mr.  W.  C.  Beverung 
6784  W.  National  Ave. 
Milwaukee  lUt  Wise. 


American  Cystoscope  Makers ,  Inc. 
Attn:  Mr.  J.  H.  Hett 
8  Pelham  Parkway 
Pelham  Manor,  New  York 


Convair 

Div.  General  Dynamics  Corporation 
Attn:  Mr.  M.  D.  Weisinger 

Chief,  AMR  and  Process  Development 
P.  0.  Box  1950,  Mail  Zone  23-10 
San  Diego  12,  Calif. 


Boeing  Airplane  Co. 

Aerospace  Division 
P,  0.  Box  3707 
Attn:  Mr.  6.  K.  Bucey 

Asst,  to  V-Pres.  lifg. 
Seattle  2U$  Wash. 


Douglas  Aircraft  Co.,  Inc. 
Attn:  Mr.  0.  L.  Rumble 
Tooling  Mgr. 

3855  Lakewood  Blvd, 

Long  Beach  8,  Calif. 


Convair 

Dlv.  General  Dynamics  Corporation 
Attn:  Mr.  R.  A.  Fuhrer 
Chief  Mfg.  Engr. 

Fort  Worth,  Texas 


Bell  Aircraft  Corporation 
Niagara  Falls  Airport 
Attn:  Mr.  Ralph  W.  Varrial 
Mgr,  Production  Engr. 
Buffalo  5»  New  York 


The  Martin  Company 
Attn:  Mr.  N.  H.  Voortiies 
Baltimore  3,  Maryland 


DISTRIBUTION  LIST 


No«  of  Copies 


Bendix  Production  Division  1 

Bendix  Aviation  Corporation 
Attn:  Mr.  A.  J.  Walsh 
Stai*f  Asst. 

401  Bendix  Drive 
South  Bend,  Ind. 


Boeing  Airplane  Co.  1 

Attn:  Mr.  W.  W.  Rutledge 
Mfg.  Mgr. 

Wichita  1,  Kansas 


Goodyear  Aircraft  Corporation  1 

Plant  G 

Attn:  Engineering  Library 
Akron  15,  Ohio 


Grumman  Aircraft  Engineering  Corporation  1 

Attn:  Mr.  William  J.  HofAnan 
V-Pres.,  Mfg.  Engr. 

Bethpage 

Long  Island,  New  Toxic 


Hughes  Aircraft  Co.  1 

Attn:  Mr.  J.  W.  Moffett 

Chief  Equipment  Engr. 

El  Segundo,  Calif. 


Lockheed  Aircraft  Corporation  1 

Attn:  Mr.  B.  C.  Monesfflith 
V-Pres.,  Mfg. 

Buzbank,  Calif. 


Lockheed  Aircraft  Corporation  1 

Georgia  Division 
Attn:  Mr.  R.  A.  Mackenzie 
Mfg.  Manager 
Marietta,  Georgia 


McDonnell  Aircraft  Ccxpoz^tlon  1 

P.  0.  Box  516 

Attn:  Mr.  A.  F.  Hartwlg 

Chief  Industrial  Engr. 

St.  Louis  66,  Missouri 


DISTRIBUTION  LIST 


No»  of  Copies 


North  American  Aviation,  Inc.  1 

International  Airport 
Attn:  Mr.  Latham  Pollock 
Genl.  Supt.  Mfg. 

Los  Angeles  45,  Calif. 


North  American  Aviation,  Inc.  1 

Attn:  Mr.  M.  E.  Fisher 

Supt.  Mfg.  Develop. 

4300  E.  5th  Ave. 

Columbus  16,  Ohio 


Northrop  Corporation  1 

Norair  Division 

Attn:  Mr.  R.  R.  Nolan 

V-Pres.  &  Division  Mgr. 

1001  E.  Broadway 
Hawthorne,  Calif. 


Rohr  Aircraft  Corporation  1 

Attn:  Mr.  B.  F.  Raynes 
Executive  V-Pres. 

P.  0.  Box  878 
Chula  Vista,  Calif. 


Ryan  Aeronautical  Co.  1 

Attn:  Mr.  Robert  L.  Clark 
Woiics  Manager 
P.  0.  Box  311 
Lindberg  Field 
San  Diego  12,  Calif. 


ThonQ)son-Ramo-Wooldridge,  Inc.  1 

Attn:  Mr.  Carl  W.  Goldbeck 

Asst.  Staff  Director  Ind.  Engr. 

23555  Euclid  Ave. 

Cleveland  17,  Ohio 


Marquardt  Aircraft  Corporation  1 

Attn:  Mr.  J.  L.  Uefield 
Director  of  Mfg. 

16555  Satlcoy  St. 

Van  Nuys,  Calif. 


DISTRIBUTION  LIST 


No«  of  Copies 


Massachusetts  Institute  of  Technology  1 

Electronic  Systons  Laboratory 
Attn:  Mr.  J.  E.  Ward 
Cambridge  39*  Mass. 


Machine  Tool  Automation*  Inc.  1 

Attn:  Mr.  G.  Wolff,  Chief  Engr. 

P.  0.  Box  176 
Southport,  Conn. 


Sundstrand  Machine  Tool  1 

Attn:  Mr.  Richard  Leber 
Belvldere,  Illinois 


Minneapolis-Honeywell  Regulator  Co.  1 

Attn:  Mr.  D.  L.  Curtner 
Aeronautical  Olv. 

2600  Ridgway  Road 
Minneapolis,  Minn. 


AMC  Ballistic  Missiles  Center  1 

Attn:  LBPR  (Mr.  F.  Becker) 

AF  Unit  Post  Office 
Los  Angeles  45*  Calif. 


Commanding  Officer  1 

Ordnance  Materials  Research  Office 
Watertown  Arsenal 
Attn :  N .  L .  Reed 
Asst.  Dir. 

Watertown  72*  Mass. 


Director  1 

Naval  Research  Laboratories 
Attn:  Code  2021 
Washington  25*  D.  C. 


Ratheon  Co.  1 

Spencer  Laboratoxy 
Attn:  Mr.  A.  Phillips 
Wayside  Are. 

Burlington,  Mass. 


DISTRIBUTION  LIST 


No»  of  Copies 


Defense  Metals  Information  Center  1 

Battelle  Memorial  Institute 
Attn:  Mr.  F»  Boulger 
505  King  Ave. 

Columbus  If  Ohio 


Professor  Orlan  W.  Boston  1 

1645  Arbordale  Drive 
Ann  Arbor,  Mich. 


Mr.  Jullem  Glasser  1 

Staff  Cons\iltant 
Materials  Advisory  Board 
2101  Constitution  Ave. 

Washington  25,  D.  C. 


Boeing  Airplane  Co.  1 

Attn:  Mr.  L.  Plckrell 
Mfg.  Development 
P.  0.  Box  3707 
Seattle  24,  Wash. 


Goodman  Manufacturing  Co.  1 

Attn:  Mr.  Ken  Stalker 

Technical  Director 
48th  Place  &  Halsted  St. 

Chicago,  Illinois 


The  Norton  Co.  1 

Attn:  Dr.  L.  P.  Tarasov 

Research  &  Development  Dept. 

Worcester  6,  Mass. 


Cincinnati  Milling  Machine  Co.  1 

Attn:  Dr.  M.  Eugene  Merchant 

Director  of  Physical  Research 
4701-4801  MaziJurg  Ave. 

Cincinnati  9,  Ohio 


Republic  Aviation  Corporation  1 

Attn:  Mr.  A.  Kastelovltz 
Dir.  Mfg.  Research 
Farmliigdale, 

Long  Island,  New  Yozic 


DISTRIBUTION  LIST 


No.  of  Copies 


Vanadium-Alloys  Steel  Co.  1 

Attn:  Or.  G.  A.  Roberts 

V-Pres.,  Technology 
Latrobe,  Penna. 


Minnesota  Mining  &  Mfg.  Co.  1 

Attn:  Mr.  K.  S.  Jensen 
400  McKnight  Road 
St.  Paul  19(  Minn. 


General  American  Transportation  Corporation 

MRD  Division 

Attn:  Library 

7501  N.  Natchez 

Niles  48,  Illinois 


Texas  Instruments,  Inc.  1 

Attn:  Mr.  C.  0.  Whltledge 

Metrology  Products  Branch 
13500  N.  Central  Ebqjresswaj’- 
Dallas,  Texas 


General  Electric  Co.  1 

Large  Jet  Engine  Dept. 

Mfg.  Engr.  Research  Laboratory 
Attn:  Mr.  J.  H.  Crawford 
Mail  Drop  E-72 
Cincixinatl  15,  Ohio 

Santa  Barbara  Research  Center  1 

Santa  Barbara  Airport 
Attn:  Judy  Zlsman 
Library 
Goleta,  Calif. 


